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Abstract 
 

The increasing demand of data access and user experience result in deployment of new 

technologies (3G, LTE, WiMAX, Cognitive Radio), Long Term Evolution (LTE) is one of 

them which promises to fulfill the variable demand of subscribers through small cells 

instead of macro cells. The backhauling of the small cells in densely populated urban 

area is again a very difficult task to handle with Government regulations (eccentricities) 

and restrictions. Current trend in backhauling of small cells used fiber optic and twisted 

pair media result in increase in operational and deployment cost takes very long time 

and require permission from Govt. to deploy the cables, even Line of Sight (LoS) 

wireless link in densely urban area is not easy to achieve and non Line of Sight (NLoS) 

link result in decrease in power (signal strength) and require intelligent planning and 

difficult to operate and maintain. At the same time existing of new technologies in limited 

spectrum and to provide higher date rates for data traffic is again a challenge for mobile 

operators. The one possible solution to backhauling of small cells in NLoS situation is 

through cognitive radio spectrum sensing. In this thesis work the concept of spectrum 

optimization in small cells backhauling and challenges to achieve this have been 

introduced. Optimization has been done for different RF parameters and link budget of 

different networks in cognitive domain has been calculated and best possible network 

for backhauling of small cells is selected to enhance user demand. 

          

Keywords: Backhauling, Cognitive Radio, Link Budget, Long Term Evolution, Non Line 

of Sight, Small Cell. 
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Chapter 1 Introduction 
 

With the ubiquitous advancement in the growth of wireless data applications such as 

video on demand, multimedia services, and voice over internet protocol (VoiP) etc., 

there was a need to develop technologies/standards that could fulfill the demands of 

ever increasing data rate, quality of service (QoS) and user end experience. With the 

emergence of new technologies three questions were brought to the celluloid i.e. cost, 

coverage and capacity.  

There are various standards like mobile WiMAX, UMTS, HSPA and LTE have been 

developed to meet the requirements of capacity and data rate demands. In LTE 

(Release. 10) the concept of small cells is introduced which is one promising candidate 

to match with the pace of changing trends. Backhauling is the backbone of the 

communication between a base station and other units which can be referred to small 

cells. Small cell plays a vital role to ensure last mile access, to provide the services with 

efficient throughput, quality of service and data rate. Small cells are mounted at a height 

of 3-6 meters above ground which eradicates the possibility of any line of sight 

communication. To enhance coverage by the network with the help of small cells, some 

facts should be kept in mind in order to achieve the desired outcomes. Non Line of Sight 

(NLoS) propagation mechanisms like diffractions, reflections and penetrations are of 

major concerns in the deployment of small cells in urban and sub-urban areas. There 

are various models that are already being introduced for the estimated computation of 

mechanisms such as knife-edge model, two ray reflection model and radar cross 

section model etc.    

Beside, facilitating users with advanced applications on demands and accommodating 

new users, a need of efficient approach which can deal with over utilized spectrum. 

These applications have a great yearning for bandwidth that causes the exhaustion of 

frequency spectrum; the lack of spectrum is actually due to its inefficient handling rather 

than an actual scarcity of spectrum resources. This encouraged the concept of cognitive 
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radio (CR), where secondary users are permitted to coexist with the primary users of a 

licensed frequency band. 

1.1 Problem Identification 
 

Line-of-Sight (LoS) communication can be a daunting task to deploy especially in 

scenarios where there are number of obstacles between Point of Presence (PoP) and 

other units referring to small cells. These obstacles can be facades of brick, glass and 

metal or foliages of variable density which can be either sparse or dense. Non-Line-of-

Sight (NLoS) communication comes in quite handy in this kind of scenario [1]. 

But with NLoS deployment comes many challenges which include degraded receiver 

performance and most obvious amongst all backhauling between small cells and PoP. 

Backhauling is the backbone of the communication between PoP and small cells. Since 

the concept of small cells is new so several possibilities are being exploited as a 

solution to it which include both wired and wireless. Wired Solutions include the usage 

of Fiber and DSL cable but both are cost ineffective and it is a daunting task to give the 

connection to all possible laid out small cells in a dense urban area. Moreover, the 

quality of services is being questioned. Wireless Solutions which include NLoS and 

Microwave link are cost effective as compared to the wired ones but various NLoS 

losses like diffraction, reflection and scattering come into play but still this disadvantage 

can be counted as an advantage as the increase in attenuation makes the link 

interference limited [1][2]. 

1.2 Prior Contributions 
 

Formerly, sub-6 GHz band was used for the backhauling of NLoS communication and to 

study the behavior of its different mechanisms including diffraction, reflection and 

scattering. It has been put to test with the usage of sub-high frequency bands (20-28 

GHz) and according to the results they have ruled out the performance of NLoS 

communication when it comes to backhauling and in different NLoS propagation 
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mechanisms. The pre-requisite of these high frequency bands is an antenna of high 

gain. With the frequency band being higher, point to point backhauling technique comes 

into practice and has the potential of supporting multi gigabit capacity. One popular 

method which has been used is the daisy chaining to be able to reach tricky receiver 

locations and is a cost effective solution to the backhauling of small cells. Cognitive 

Radio can be a potential candidate but comes with factor of unpredictability in terms of 

performance [1]. 

1.3 Proposed Solution 
 

In our thesis, we have introduced the concept of cognitive radio to minimize the NLoS 

losses and to propose this concept as a possible candidate for the backhauling of small 

cells. For this, frequency band is taken between 10 – 20 GHz and we have optimized 

our above mentioned approach on the parameters like distance and frequency. 

Furthermore, to authenticate our approach link budget analysis is carried out on the 

factors which include path loss, fade margin and received power level. For computation 

of NLoS losses, only diffraction loss is being considered as other losses like reflection 

and scattering are hard to model in the scenario of dense urban area. For the diffraction 

loss knife edge diffraction model is used as it follows the concept of replacing a series of 

buildings or obstacles with a single or multiple obstacles for easing the computations. 

Based on the results from the simulations best possible network will be selected for the 

optimization. 

 1.4 Expected Outcomes 
 

The proposed solution is a theoretical solution and the foremost reason of introducing 

this concept is to make the backhauling of small cells cost effective and to provide the 

answers to coverage and capacity. This solution is expected to rule out the conventional 

approaches to NLoS communication and will try to minimize the NLoS impairments of 

reflection, diffraction and scattering to the maximum possible extent. The results are 

expected to be improving in terms of fade margin, path loss and power level received. 
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1.5 Thesis Layout 
 

Chapter 2 deals with the fundamental principles of propagation which include 

propagation mechanisms in NLoS, Link Budget Analysis, Concept and challenges 

associated with deployment of small cells.  

Chapter 3 focuses on Concepts of Cognitive Radio and its functionality. Followed by, 

fundamentals of spectrum sensing and basic understanding of genetic algorithm used 

for optimization. 

Chapter 4 presents a clear picture about the optimization of cognitive radio proposed in 

the backhauling of small cells. Analysis of the simulation results and the decision made 

on the basis of it. 
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Chapter 2 Fundamentals of Propagation 

2.1 What is Propagation 

In any kind of communication be it wired or wireless the propagation principle is the 

same as illustrated in the figure 2.1. That is, some information (analog or digital) is 

generated from the source and after being processed by the appropriate circuitry is 

shaped into an electromagnetic wave which is then transmitted onto the medium or 

channel. The channel can be either wired or wireless depending on the requirement. 

The wave received is then carefully processed to extract the desired parts. Collectively, 

all this process is called the radio channel [3]. 

                             

Figure2.1 Basic Communication Model 

2.2 Propagation Principles 
 

The propagation principle in wireless communication is governed by four basic 

mechanisms which are graphically illustrated by figure 2.2 [4] and are briefly described 

as under: 

 

Figure 2.2 Graphical Illustration of Reflection, Diffraction and Scattering [4] 

Transmitter Channel    Receiver
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2.2.1 Reflection 
 

The phenomena of reflection occur when the incoming wave meets with an object or 

objects of larger dimension having more wavelength as compared to the incident wave. 

This results in the wave being partially transmitted and partially reflected. If the incoming 

wave is incident on a perfect dielectric then it is partially transmitted into the first 

medium and partially into the second medium without loss of energy [4][5]. Whereas, if 

the object impinged upon is perfect conductor then all the energy is reflected back to the 

first medium [5]. It is well suited to terrains where the line of sight communication is not 

possible or where the communication is to be carried out in a densely populated area. It 

means that at the receiving end, multiple copies are received which are then added 

constructively or destructively [4].  

In wireless communication dedicated path between the transmitter and receiver is not 

always the case. To cater for the later ground reflection (two –ray) model is considered. 

It includes both the direct path and the reflected path. Mathematically, it can be written 

as [5]: 

                                                    𝐸𝑔 𝑑
′′ , 𝑡 = Γ

𝐸𝑜𝑑𝑜

𝑑 ′′
cos(𝜔𝑐  𝑡 −

𝑑 ′′

𝑐
 )      

Where 𝐸𝑜  is the free space E-field (in units of V/m) at a reference distance 𝑑𝑜 , 𝑑′′  is the 

distance of the reflected wave and 𝑐 is the speed of light (in units of m/s). 

For Γ⊥ is the reflection constant and can be formulated as [5]:  

                                                                   Γ⊥ =
sin θ i− εr−cos 2θi

sin θ i− εr−cos 2θi
           

Where θi = tan−1 (𝑡+𝑟)

𝑑
  is the angle of incidence and εr  is the relative permittivity can 

be selected from the Table 2.1. 

To compute 𝑑′′  we will be making use of [5]: 

                                                                 𝑑′′ =  (𝑡 + 𝑟)2 + 𝑑2        
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Where 𝑡  and 𝑟  are the heights of transmitter and receiver and 𝑑 is the separation 

between transmitter and receiver. 

Then for reflected power 𝑃𝑟 𝑑  [5]:  

                                                                     𝑃𝑟 𝑑 =
 𝐸 2𝐺𝑟𝜆

2

480𝜋
            

Where  𝐸  represents the magnitude of radiating portion of electric field in the far field, 

𝐺𝑟  is the gain of the receiving antenna and 𝜆 is the wavelength in meters. 

Table 2.1 Material Parameters at various frequencies [5] 

Material Relative 

Permitivity 𝛆𝐫 

Conductivity 

𝝈 (s/m) 

Frequency  

(MHz) 

Poor Ground 4 0.001 100 

Typical Ground 15 0.005 100 

Good Ground 25 0.02 100 

Sea Water 81 5.0  100 

Fresh Water 81 0.001 100 

Brick 4.44 0.001 4000 

Limestone 7.51 0.028 4000 

Glass.Corning 

707 

4 0.0000018 1 

Glass.Corning 

707 

4 0.000027 100 

Glass.Corning 

707 

4 0.005 10000 
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2.2.2 Diffraction 
 

A key phenomenon in the non line of sight (NLoS) communication is diffraction. It 

comes into play when the incoming radio wave gets hindered by an obstacle or any 

small point which is impenetrable or has sharp ridges. This results in bending or 

spreading of the radio wave past small points, even if the receiver is completely 

shadowed by the obstacle the diffracted wave can still reach to it. But there are a few 

parameters that are need to be taken care of especially at higher frequencies which 

include geometry of the object and phase of the incoming wave [5][6]. 

Knife edge diffraction model will be used in this regard. The concept behind is to 

substitute a number of obstacles by a single obstacle to compute diffraction loss. But to 

compute the diffraction loss precisely can be a tedious task and especially if multiple 

obstacles are to be accounted for in an urban or dense urban area [5][6]. 

In Figure 2.3, a transmitter with height ht and receiver with height hr both are separated 

by distance d, considering obstacles in between transmitter and receiver 

communication. Let hobs is the height of a largest obstacle which is considered of having 

large width place at distance d1 from the transmitter and d2 from the receiver.      

   

 

 

         

 

               ht                     hr 

                   d1                                                                 d2     

Figure 2.3 Knife Edge Diffraction Model 

O
b

s
ta

c
le

 h
e

ig
h

t 
(h

o
b

s
) 



9 
 

In order to calculate the diffraction problems of this scenario, some estimation are 

needed. It is always an advantage to make simplified geometry for calculation.  It can be 

done by reducing all heights by a constant considering no variations in angles [5].  

The simplified geometry is shown in Figure 2.4. In order to calculate fresnel- Kirchhoff 

diffraction parameter v, calculation of angles (α, β and ϒ.) is required.  Considering 

receiver is at ground, obstacle height becomes (hobs-hr=X) and transmitter height (ht-

hr=Y).  

α, β and ϒ can be derived by using figure 2.3, Mathematically [5]:                          

  𝛽 =  tan−1 𝑋−𝑌

𝑑1
        

𝛾 =  tan−1 𝑋

𝑑2
          

𝛼 = 𝛾 + 𝛽               

To calculate Fresnel-Kirchoff diffraction parameter 𝑣 [4]: 

       𝑣 = 𝛼 
2𝑑1𝑑2

λ(d1+d2)
       

Where 𝑣 is dimensionless parameter and α is in radians.  

                                                                             hobs-hr 

                                                                                       

                                         α 

                                                      β                                               

  ht-hr ϒ 

             d1        d2                             hr 

Figure 2.4 Estimation of Knife Edge Diffraction Model 
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2.2.3 Scattering 
 

Scattering is by far the most difficult to model propagation mechanism. Scattering 

occurs when the radio wave is incident on a surface which is equal to the wavelength or 

shorter than the incident wave. Amount of scattering largely depends on the surface of 

the object which is either smooth or rough. Rough surface results in the re-radiation of 

the wave in multiple directions. An advantage to it that the scattered wave can reach to 

points which are not covered by reflection and diffraction. Common causes of scattering 

are lamp posts, foliage, walking pedestrians etc [5][7]. 

For computing the scattering, Radar Cross Section Model will be taken into account. It 

can be expressed in the form of a bistatic radar equation which defines the relationship 

between incident wave and power received after being re-radiated towards the receiver, 

mathematically [5]: 

𝑃𝑅 𝑑𝐵𝑚 = 𝑃𝑇 𝑑𝐵𝑚 + 𝐺𝑇 𝑑𝐵𝑖 + 20 log( 𝜆) + 𝑅𝐶𝑆 𝑑𝐵 𝑚2 − 30 log 4𝜋 − 20 log 𝑑𝑇 −

20log(𝑑𝑅)                                                                       

Where 𝑑𝑇 and 𝑑𝑅are the distance of the scattering object to the transmitter and receiver 

respectively, 𝑃𝑇  and 𝐺𝑇  are the power and gain values of the transmitter expressed in the 

units of 𝑑𝐵𝑚 and 𝑑𝐵𝑖 respectively.  

“𝑅𝐶𝑆 is the Radar Cross Section can be approximated by the surface area (in square 

meters) of the scattering object, measured in 𝑑𝐵 with respect to a one square meter 

reference”[5.]   

2.3 Link Budget Analysis (Optimization Steps) 
 

Before setting up of microwave link, Link Budget analysis needs to make. It comprises 

of the following steps 

 Free Space Loss 
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 Path Loss 

 Link Budget Calculation 

 Fade margin 

 Rain Attenuation 

2.3.1 Free Space Loss 
 

Free Space loss is the loss caused due to propagation of electromagnetic wave in free 

space [5]. It does not include other losses like NLoS losses or other miscellaneous 

losses it just indicates the loss caused by frequency and distance. Since both the terms 

are directly proportional to each other and can lead to a higher attenuation. 

 Mathematically [5]: 

𝐹𝑆𝐿 = 92 + 20 log10(f) +20 log10(𝑑) 

Where f is the frequency in GHz and 𝑑 is the distance in kilometers. 

 

2.3.2 Path Loss 
 

Path Loss is a measure of the average received power relative to the transmitted power. 

We will be using log-normal shadowing model for the computation of NLoS losses which 

include diffraction, reflection and scattering [5]. It can be formulated as [5]: 

                                                         𝑃𝑟 𝑑 = 𝑃𝑡[𝑑𝐵𝑚] − 𝑃𝐿 𝑑 [𝑑𝐵]  

Where 𝑃𝑟 𝑑  is the the power received at a distance 𝑑, 𝑃𝑡[𝑑𝐵𝑚] is the transmitted power 

in units of 𝑑𝐵𝑚 and 𝑃𝐿 𝑑  is path loss at distance 𝑑 will be computed by rewriting the 

above equation i.e. by subtracting received power from transmitted power [5]. 

2.3.3 Link Budget Calculation 
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Link budget analysis is an important term to be coined in this regard. Because when a 

source transmits before it’s received at the other end there are various factors that one 

has to account for before computing the power received. Those other factors include 

environmental losses, man made losses, thermal and many more. There are two 

approaches to it empirical and analytical approach. Both have their merits and demerits. 

Empirical approach is most preferred because it takes into account all the losses both 

known and unknown resulting in a more reliable and accurate solution. It can be 

mathematically formulated as [5]: 

𝑃𝑟 =  𝑃𝑡 + 𝐺𝑡 + 𝐺𝑟 − 𝐹𝑆𝐿 −𝑀𝑖𝑠𝑐. 𝑙𝑜𝑠𝑠𝑒𝑠 − 𝑅𝑎𝑖𝑛 𝐴𝑡𝑡𝑒𝑛𝑢𝑎𝑡𝑖𝑜𝑛 − 𝑁𝐿𝑂𝑆 

Where 𝑃𝑡  is the transmitter power, 𝐺𝑡  and 𝐺𝑟  are the gains of the transmitter and 

receiver, 𝐹𝑆𝐿 is the free space loss as mentioned in article 2.3.1, Misc. losses include 

body loss and  building penetration loss. Rain attenuation is the loss caused by intensity 

of precipitation and will be discussed in the later sections. 𝑁𝐿𝑂𝑆 is the non-line of sight 

loss computed by the multitude of diffraction loss making use of the model described in 

figure 2.3. 

2.3.4 Fade Margin 
 

Fade Margin is one of the key components when it comes to designing a radio link. It 

largely affects the quality of services being provided. If it is too large then costs relative 

to the link go up and comes in more expensive. On the other hand if it is too small then 

reliability of the link is questioned. Fade Margin can be computed in relation with outage 

of probability being specified by ITU-R p.530-12 [8]: 

                                              𝑃𝑜=𝐾𝑑
3.2(1 +  𝜀𝑝  )

−0.97 × 100.032𝑓−0.00085𝐿−
𝐴

10 )  

Where 𝑑 is the link distance in km, 𝑓 is the frequency in GHz, 𝐿 is the altitude of lower 

antenna, 𝐴 is the fade depth margin and 𝐾 is the geoklimatic factor and can be written 

as 𝐾 = 10−4.2−0.0029𝑑𝑁1. 𝜀𝑝  is the path inclination and can be expressed as [8]: 

                                                                         𝜀𝑝 =
 𝑟−𝑒  

𝑑
   (𝑚𝑟𝑎𝑑)   
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Where 𝑟  and 𝑒  are the height of the antennas above sea level and 𝑑𝑁1 is the 

refractivity gradient which can be calculated from the regions specified  by ITU-R p. 

453-10 [9]. For the final link budget analysis the fade margin (𝐴) value shows the 

minimum threshold margin for stabilizing a link. The values computed above are done in 

accordance with the ITU standard. Resulting fade margin should be greater than the 

ITU standard fade margin. Formulation of the above statement is as under [8]: 

                                                                         𝐴 =  𝑃𝑠 −  𝑃𝑅      

Where 𝑃𝑠 is the receiver sensitivity in dBm and 𝑃𝑅 is the received power. 

2.3.5 Rain Attenuation 
 

When we talk about effect of precipitation in the transmission/reception of a signal then 

the rain attenuation comes into play especially over 10 GHz. According to ITU-R 

PN.837-1[10] precipitation intensity is divided into 15 regions.  

 Some of the factors that cause rain attenuation are as under: 

 Increase in precipitation is directly proportional to increase in rain attenuation 

 Increases with distance travelled  

 Horizontal polarization results in higher rain attenuation than vertical polarization 

 Rain outage increases with frequency and path length [10] 

It can be mathematically formulated as [10]: 

                                                              𝑌𝑅0.01
= 𝑘 ,𝑣 × 𝑅0.01

𝛼 ,𝑣   

Where 𝑘 ,𝑣  and 𝛼 ,𝑣 indicate horizontal and vertical polarization constants and their 

values can be selected from Table 2.2 [11] depending on the frequency being used.  

Whereas, the value of 𝑅0.01 can be found from Table 2.3 [10] depending on the rain 

zone and time precentages [10]. 
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Table 2.2 Values of kV,H and aV,H [11] 

Frequency  

(GHz) 
kH kV H V 

1 0.0000387 0.0000352 0.9122 0.8801 

1.5 0.0000868 0.0000784 0.9341 0.8905 

2 0.0001543 0.0001388 0.9629 0.9230 

2.5 0.0002416 0.0002169 0.9873 0.9594 

3 0.0003504 0.0003145 1.0185 0.9927 

4 0.0006479 0.0005807 1.1212 1.0749 

5 0.001103 0.0009829 1.2338 1.1805 

6 0.001813 0.001603 1.3068 1.2662 

7 0.002915 0.002560 1.3334 1.3086 

8 0.004567 0.003996 1.3275 1.3129 

9 0.006916 0.006056 1.3044 1.2937 

10 0.01006 0.008853 1.2747 1.2636 

12 0.01882 0.01680 1.2168 1.1994 

15 0.03689 0.03362 1.1549 1.1275 

20 0.07504 0.06898 1.0995 1.0663 

25 0.1237 0.1125 1.0604 1.0308 

30 0.1864 0.1673 1.0202 0.9974 

35 0.2632 0.2341 0.9789 0.9630 

40 0.3504 0.3104 0.9394 0.9293 

45 0.4426 0.3922 0.9040 0.8981 

50 0.5346 0.4755 0.8735 0.8705 

60 0.7039 0.6347 0.8266 0.8263 
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Table 2.3 Rain Rate R (mm/h) as set by ITU-R P.837-1 [10] 

 

2.4 Role of Small Cells in Long Term Evolution (LTE) 

2.4.1 Rise of Small Cells in Long Term Evolution 
 

With the rapid expansion of cellular technology and emergence of multimedia services 

has led to the development of a cutting edge standard named as Long Term Evolution 

(LTE). 3GPP standardized LTE to meet the needs of ever growing cellular world. But 

even though LTE offered security and reliability of the services being put through it was 

not enough and was starting to rule out. Then LTE-Release 10 was brought to the 

celluloid with the concept of small cells. A standard which was capable of handling high 

capacity, enabling more multiple access techniques and ensuring last mile access to a 

large concentration of smart phone users [12]. 

2.4.2 Deployment of Small Cells 
 

Process of deployment of small cells can be termed as densification. Small cells are 

generally mounted 2-6 m above ground level and the distance between them can be 

anywhere in between 600 m. Lower antenna heights will cause the non line of sight loss 

and other losses to go up which results in the cost to go up and more complex 

algorithms come into play to control these factors. But they are mounted on the streets 

and in the buildings to ensure the last mile access as can be seen in the figure 2.5 [12]. 

To avoid such drastic measures to be taken, simplicity is kept intact when it comes to 

design and deployment [2]. 
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Figure 2.5 Deployments of Small Cells [12] 

2.4.3 Backhauling of Small Cells 
 

Backhauling is basically the back bone of the network. In our case it can be implied as 

in which connects the small cells to the POP (point of Presence) to ensure quality of 

services being offered by the network operators. It also eliminates the need of re-

planning the whole network when new sites are discovered, as small cells can see to it. 

It serves the purpose of lowering the cost, enhancing the capacity and coverage of 

overall network. Small Cell base station and backhaul units need to be light and can be 

fixed together to avoid power connectivity issues as both can share it [2]. 

2.4.4 Methods for Backhauling of Small Cells 
 

The purpose of inculcating the concept of small cells was to provide an answer to the 

questions of cost, coverage and capacity. Since the concept is still new therefore 

researchers and vendors have not reached to an absolute solution of providing 

backhauling to small cells [2]. For that reason few possibilities are being exploited which 

are listed as under: 
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2.4.4.1 Wired Solutions 

Fiber definitely is an answer to capacity and coverage but at the expense of cost. 

Because of the problems one can encounter while purchasing and installing it can nullify 

the thought of providing a fiber connection to every small cell on the streets or in the 

buildings for backhauling. It becomes even worse when new sites are being discovered 

on a constant basis to meet the ever increasing need in the cellular world. DSL is a cost 

effective way to provide backhauling to small cells but at the expense of quality of 

services being offered. It has the potential of matching the data rates of LTE. It also 

faces the similar issues of installation and purchasing like Fiber. But between Fiber and 

DSL, Fiber is more preferable [2]. 

2.4.4.2 Wireless Solution 
 

Microwave backhauling is a potential promising technique for backhauling of small cells. 

It does offer a large frequency band between 10 – 60 GHz which results in large 

capacity and is a cost effective solution. It does possess some merits and demerits. 

Merits include high gain antennas which improve link budgets but care has to be taken 

when it comes to aligning them. Demerits include the losses of diffraction, reflection and 

penetration around buildings, lamp posts, reflective surfaces etc. Because of it, high 

attenuation is introduced but can be counted as an advantage as it will limit interference 

and increase the possibility of frequency re-uses [2]. 

2.5 Network Topologies 
 

Network Topologies can have a greater impact on the key parameters of cost, coverage 

and capacity between the core network and small cells. Some of the possibilities are 

graphically illustrated in figure 2.6 [2] and are briefly discussed as under. 

Tree Topology requires one or more links to connect a small cell to a core network 

which means more equipment is required which results in the cost to go up and the 
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crowding of the core network. It gets worse when new small cells are added during the 

re-planning of the network.  

Ring Topology is carried out in a chain around the hub where chain being the small cells 

connected together and hub being the core network. Element of latency is introduced as 

multiple hops gets involved while delivering it to the desired small cell. More links are 

required which are even greater than the tree topology and comes at a greater cost 

because every link requires up gradation during the re-planning phase.  

Mesh Topology is robust and is quite a reliable form of communication. It is most 

favored in military but coming to the urban area it can get cumbersome as the links near 

the core network can act as bottle necks as large number of traffic can be gathered in it. 

Additionally, at higher frequencies different elements like antenna and its alignment can 

be a challenge.  

Multipoint is the most widely used topology when it comes to covering a large number of 

small cells. There are certain merits to it which include cost effectiveness, better 

utilization of resources. Instead of having a dedicated link to all the small cells dynamic 

allocation can be preferred to meet the demands of traffic in the busiest hours [2]. 

 

Figure 2.6 Network Topologies for Backhauling of Small Cells [2] 
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Chapter 3 Concepts of Cognitive Radio 

and Spectrum Sensing 

3.1 Cognitive Radio 

3.1.1 Introduction 

 

Advancement in the applications of Cellular Network makes the congestion in the 

frequency band, which affects the quality of service QoS in the network. Due to rigid 

bandwidth allocation which is not efficiently utilized by the licensed users may 

considered to be the wastage of the frequency band. To satisfy the user demands and 

maintain the QoS of the network, steps should be taken to meet the requirements by 

using the bandwidth very efficiently. An emerging idea of Cognitive Radio which is 

considered as 5th Generation, is introduced by many researchers from the decade to 

meet the requirements and to utilize the limited band very effectively by mutual 

understanding of the licensed users [13][14]. Cognitive Radio term was first defined by 

Joseph Mitola in his thesis at Royal Institute of Technology, Stockholm Sweden [13].  

Cognitive Radio technique utilizes the unused or less used frequency band by providing 

the licensed services to the unlicensed users, considering no interference for licensed 

users [14]. Cognitive Radio is considered as relatively new version of Software defined 

Radio (SDR). CR is much more efficient than SDR as it learns from its environment and 

configures accordingly the frequency band, modulation technique, transmitted power, 

fade margins etc and serves its users at the best [13]. 

 CR requires following three prime applications to be added in SDR [15]: 

 Management and optimization of Spectrum. 

 Management and optimization of Network Resources. 

 Interface to provide electromagnetic resources to aid human activities. 
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To meet the conditions of Cognitive Radio there is not only a need of communication 

technologies to utilize the spectrum more generously but also advanced techniques are 

required to meet the technical challenges to utilize spectrum [13][14]. 

3.1.2 Definition 
 

In 2005 the definition provided by Federal Communication Commission (FCC), National 

Telecommunications and Information Administration (NTIA) are considered as the 

important definitions, Moreover Simon Haykin provided the best definition which is 

stated as [13]: 

“Cognitive Radio is an intelligent wireless communication system that is aware of its 

surrounding environment, and uses the methodology of understanding-by-building to 

learn from the environment and adapt its internal states to statistical variations in the 

incoming RF stimuli by making corresponding changes in certain operation parameter in 

real time, with the primary objectives in mind: highly reliable communications whenever 

and wherever needed; and efficient utilization of the radio spectrum” [13]. 

3.2 How Cognitive Radio works 
 

Above mentioned adaptive abilities of different parameters to configure accordingly 

called Cognition process [13]. The process contains learn, sense, aware and followed 

by reasoning. In simple words CR can be defined as, it contains full knowledge of 

surroundings and network framework, which makes the decisions on executed received 

information that how to set and arrange itself with the communication to get optimal 

results [16]. 

   3.2.1 Cyclic Process 
 

The cognition process of learning, sensing, awareness and reasoning with regulatory 

authorities is known as Cognitive Radio. So it can simply be considered as the cyclic 

process of CR i.e. Observe, Learn, Orient, Decide and Act [13][16][17]. 
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In cyclic process, observation involves the learning and orientation of the radio 

environment and that data will be considered as the initiative of the cognitive radio 

which then decides based on learned previous mistakes in the environment and 

adaptation process and take an action according to the request[13][16]. The CR cyclic 

process is explained in the figure 3.1[16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Cognitive Radio Cyclic Process [16] 

 

The complexity of whole process mainly depends upon the observations that are made 

and decisions that are taken accordingly [16][17]. Practically this cyclic process starts 

with the action which contains the logical reasoning, to provide significant knowledge of 

observations and decisions to be taken by cognitive radio [16][17].  
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3.2.1.1 Actions to be taken 
 

It provides all the possible actions that can be set to achieve the desired performance 

by CR. It provides the information of certain parameters like operating frequency, 

transmitted power etc for the alteration in parameters and it also contains the 

understanding of the current CR environment [16].  

3.2.1.2 How to make observations 

 

As we have discussed earlier that CR set its parameters accordingly based on radio 

environment to achieve certain results, some information must be required to alter the 

parameters. Observation in cyclic process plays a vital role in Cognitive radio networks 

as it provides the necessary information for alteration of the parameters. The 

information is considered as an input which indicates the current working features of the 

Radio, then action is taken by following the made decision [16]. Observation contains 

some general approaches which are as follow [16]: 

 It can get observational data naturally 

 It can observe and learn from current operational environment. 

 Hardware can be used to observe data. 

 Observations can be achieved using special signaling techniques. 

It can be seen in the approaches that, it is very difficult to learn the observations from an 

environment because it requires the proper learning of all the networks that are 

operating in the same radio environment. The major concern is to know about the 

available spectrum of different licensed networks in the same environment, spectrum 

sensing is the mechanism which is used to observe the available unused band. In cyclic 

process, spectrum sensing can be considered as the observational part [16][17]. 
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3.2.1.3 Decisions to be taken 

 

Decision term is considered as the major factor in any field. In CR, it is very important to 

utilize the radio resources in such a way to achieve optimal results for required QoS 

[16]. To optimize the resource management for required communication, an 

optimization process will be involved which will be responsible to select the best option 

from the available possible solutions to achieve the desired results [16][18].    

In order to optimize the resources, the main interest is to achieve the maximal efficient 

results of the communication network and minimizing the insignificant ones [16]. Some 

fitness test will be responsible to select the best option from all possible solutions; 

possible available solutions will be of some specific goal which can be aligned in lists 

called search space [16]. The specific tasks may contain spectrum allocation, power 

control, carrier frequency and proper switching of modulation techniques. 

The variation in the above mentioned parameters can make the communication system 

more optimized as; spectrum allocation will assign the unused spectrum to secondary 

users. Power control is controlled itself by cognitive radio applications to provide a 

desired QoS communication. Moreover CR determines the more suitable frequency 

from its radio environment to allow the communication on that determined frequency to 

achieve the optimal results. In the optimization process, CR switches modulation 

schemes accordingly with the variations in communication channels, suppose if the 

accessible bandwidth increases then CR switches the modulation scheme to low 

bandwidth efficiency and if accessible bandwidth decreases then the modulation 

scheme of high bandwidth efficiency will be selected by CR [16][17]. 

The search space that contains the solutions of optimization tasks may contain large 

number of results, some approach like stochastic processing is required to select the 

better option. Two approaches heuristic and meta-heuristic are used to get the better 

selection of solution from number of solutions in the search space list [16]. Meta-

heuristic approach is considered as better than heuristic, as it contains computational 
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iterations which help to remove the unnecessary stuff, whereas heuristic approach 

deals by simple approximations [16].  

Meta-heuristic has different approaches like tabu search, simulated annealing, hill 

climbing, and genetic algorithm and some more [16]. 

3.3 Spectrum Sensing 
 

As discussed earlier in this chapter, Spectrum Sensing is the major approach which can 

also be considered as the observational part in the CR.   

CR is a radio communication model which learns about the radio spectrum from the 

radio environment by continuously sensing the spectrum and alters its transmission and 

reception parameters according to the required demands [17].  

Spectrum sensing is defined as, “the task of finding spectrum holes by sensing the radio 

spectrum in the local neighborhood of the cognitive radio receiver in an unsupervised 

manner” [19]. Spectrum holes considered as those sub-bands which are unused at 

some time interval and location [19]. Figure 3.2 shows the spectrum holes in the whole 

spectrum. 

 

Figure 3.2:  Spectrum Holes 
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In CR network, primary user that is licensed spectrum user who has direct access to the 

network and another is secondary user that in consideration to that spectrum as 

unlicensed user, utilizes the services of licensed spectrum with the help of CR, 

remember that secondary user should not be responsible for the interference in primary 

user communication [20]. Spectrum sensing follows some principle for proper sensing 

and utilization of the spectrum. The principle is shown in figure 3.3[17]. 

 

Figure 3.3: Spectrum Sensing Principle [17] 

In above figure sense and learn terms of CR finds spectrum holes in the spectrum, after 

that CR adapts to the changes in radio spectrum and alters transmit or receiver 

parameters accordingly.  

There are different classifications of Spectrum holes in spectrum which are as follow 

[19][21]: 

 Black spaces which are always occupied, so these spaces cannot be used. 

 Grey spaces which may be used, they are high power RF interferers. 

 White spaces are usable as it contains low power RF interferers. 

 Cave spaces, they are considered as noise only so they are usable. 
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There are some factors like sensing in appropriate range, time and accurate spectrum 

sensing that should be considered to achieve the desired goal [16][17][19]. CR must be 

designed smart with proper range of transmitters and receivers power and sensitivity so 

that, it can detect the accurate spectrum which result an efficient and interference free 

communication [16][17][19]. 

 

3.3.1 Spectrum Sensing Techniques 
 

Transmitted signal detection is one of the major concerns of spectrum sensing from 

many researchers. In this detection, frequency of primary user is determined [17][22]. 

Transmitter detection can be represented mathematically as [22]: 

𝑥 𝑡 =  
𝑛 𝑡                                               𝑤𝑒𝑛 𝐴0

𝑠 𝑡 + 𝑛 𝑡                               𝑤𝑒𝑛 𝐴1

    

In above equation, there are two conditions for the received signal x(t)by the CR. n(t) 

represents additive white Gaussian noise (AWGN) for the case of 𝐴0 which represents 

the absence of PU, where as in 2nd condition s(t) is the transmitted PU signal for the 

case of 𝐴1, the presence of PU [22]. 

There are different ways for sensing some of them are [17][17][22]: 

 Matched filter. 

 Energy detector. 

 Cyclostationary detection. 

 Wavelet detection. 
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3.3.1.1 Matched Filter  

 

Matched filter detection (MFD) is considered as optimal spectrum detection technique, 

in this technique a primary signal is known by secondary user already. The known 

signal is matched with an unknown signal detected from radio resources, to sense the 

pattern presence of the unknown signal. If the template of unknown and known signal 

matches than it is considered as spectrum is utilized by PU, if template does not match 

than SU can use the spectrum [21][23]. Matched filter usage is considered as severely 

limited due to the requirement of prior knowledge of the primary user, it requires sensing 

receivers which are dedicated to sense the PU information [17][21][22]. If this 

requirement will be fulfilled than Signal to noise ratio (SNR) of the received signal is 

maximized and also achieved high processing gain (PG) [17][21]. 

3.3.1.2 Energy Detector 
 

When CR cannot achieve the information of the licensed PU easily than energy detector 

(ED) is considered as suitable choice than matched filter for spectrum sensing. It is 

considered as an optimal approach when CR has information about the random 

Gaussian noise power. ED has basic approach of power estimation of PU received 

signal. In this technique energy of the transmitted signal that is detected, which then 

compared with the threshold level (pre defined) of ED. If detected energy is higher than 

threshold, it can be considered as presence of spectrum hole and if lower than it means 

spectrum is utilized by the PU [22][24].  

Some limitations for ED are, the detection performance mainly depends on the 

uncertainty of noise, and ED cannot discriminate between the signal and noise powers 

which lead to high probability of errors under low SNR [17][22][23]. 
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3.3.1.3 Cyclostationary Detection 

 

Cyclostationary detection (CSD) is considered as most suitable technique than matched 

filter and ED for spectrum sensing. It is more robust to noise uncertainty than ED and it 

does not require any prior information as MFD [17][22]. If the PU modulated signals with 

the patterns exhibits the strong cyclostationary feature like pulse trains, hoping 

sequences, and the sine wave.  CR can detect any particular modulated signal in a 

random noisy environment by using the mean and auto correlation periodic 

characteristics of the primary waveform [17][22]. Due to the stationary property, the 

correlation function is zero for AWGN channel that makes CSD robust to uncertainty of 

noise. Spectrum holes can be observed by calculating the spectral correlation of the 

licensed user signal at the CSD, which than be compared with predefined threshold 

value [17][1].  

3.3.1.4 Wavelet Detection 
 

Wavelet detection offers advantage of simplicity and flexibility over CSD, ED and 

matched filter techniques to detect the wideband signals. In order to sense and detect 

the spectrum holes in available radio environment, the whole spectrum is treated as the 

sequence of frequency sub-bands. A power characteristic of each frequency sub-band 

is smooth within sub-bands but changes on the edge of next sub-band. White spaces 

can be observed by finding the singularities in gained results at the given time [17].    

3.4 Genetic Algorithm: A decision making approach 
 

Genetic Algorithm (GA) is an evolutionary computational technique used to solve 

optimization problems. GA is designed on Drawin theory along with its methods like 

mutuation, crossover, inheritance and selection in order to get the optimum results [18]. 

It is considered as one of Meta-heuristic approach. GA is used to solve the problems 

like image processing, evolution of music, machine learning and non deterministic finite 

automaton because it has an advantage of parallelism which can really speed up the 
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simulation results. GA has fast convergence and it reacts quickly on a problem’s 

specific solution, it has considerably less chances to get stuck in local extremes [25]. 

GA has more significance than other heuristic schemes because of its easy 

implementation and re-usage capabilities. GA can deal with large number of available 

solutions, and along with providing a single solution, it gives all optimum solutions to the 

problems [25]. 

3.4.1 How it works  
 

GA initiates its working from the variety of randomly generated population of 

chromosomes, which have some characteristics and these characteristics follow 

computation through generations. These chromosomes can be indicated by data 

structure vectors, which contain different data types with respect to genes or in simple 

words, it contains available solution of the environment for the specified problems.  In 

RF environment, chromosomes of radio may contain many parameters like frequency, 

bandwidth, modulation technique etc that can be considered as genes of chromosomes. 

Fitness measures evaluate the initial generated chromosomes individually on the basis 

of stochastic process, in order to raise a new population of chromosomes. After the 

fitness measure, computational algorithm will be used to get the optimal solutions. 

Following steps can be used to implement GA approach [26]: 

 Initialization: Generation of initial population of chromosomes, which 

keeps all possible solutions of any specific problem. 

 Fitness Measure: Fitness of initial population’s chromosomes is evaluated 

individually. 

  Birth to new population: To construct the new population, some steps 

need to be considered: 

 Selection: optimal solutions will be selected, on the basis of better 

level of fitness in ongoing population of chromosomes. 
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 Crossover: This step is really important, after selecting 

chromosomes, the reproduction of those selected chromosomes 

with defined probability of crossover to form new individuals.  

 Mutation: After production of new individual population, it wil be 

mutated at definite point. 

 Stop: When the desired optimal result is achieved the whole process will 

be stopped, otherwise it will be repeated till the time to get the desired 

results.      
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Chapter 4 Methodology and Results 

4.1  Introduction 
 

The current study within cellular networks show that Macro cells are not enough 

capable to offer user satisfaction and fulfill user demand in radio access network. One 

approach to achieve capacity and increase user data traffic is to deploy low power small 

cells or small radio base stations that will cover the area where the macro cells has 

limited coverage. Since small cells will support macro cells so that backhaul to these 

small cells is needed. The Radio Planning of these small cells and selecting suitable 

location where these small cells will be installed is again a challenging task for mobile 

operators. These small cells should be installed at poles, train stations and walls of the 

street buildings where the clear line of sight is present or any other backhaul source like 

copper wire or optical fiber should be deployed easily. 

Copper wires and optical fiber result in higher investment cost as well as operational 

cost. Also in many cases in dense urban areas where these small cells are placed in the 

space where the point to point (PTP/LoS) link between small cell and aggregation node 

is not available. Traditional backhaul networks used fiber optic, copper wires and LoS 

link are not tempting solutions for these small cells backhaul. These small cells need 

non-LoS (NLoS) backhauling links in order to carry higher user data traffic in densely 

urban environment and it is verified approach for deployment of Radio Access network 

[1].     

4.2 NLoS Path loss Models 

 

The propagation model used in this thesis is knife edge diffraction model where a series 

of obstacles are replaced by a single knife edge model as discussed in chapter 2.Since 

we are using higher frequencies so the Fresnel zone becomes smaller .The macro cell 

antennas (Hub Site antennas) is always placed at a height at least 25-40 meter above 

the roof top depend upon obstructing building heights and other clutters. Small cells are 
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installed near to the user in order to cover certain area which are not in LoS to the hub 

site as shown in figure 4.1 [2], so the backhaul path loss between macro cell and small 

cell is always higher, even at shorter distances there is higher path loss in NLoS 

environment. The small cell antennas with narrow beam should be directed towards 

point of diffraction in order to achieve maximum received signal strength. The hub site 

rays are diffracting and reflecting from different clutters so in reality at the remote 

antenna (small cell antenna) may have stronger signal due to reflection also.  

 
Figure 4.1: Small Cells Deployment in Dense Urban Area [2] 

4.3 Dense Urban Modeling of Small Cells 

 

We modeled the performance of the network in dense urban environment where the 

heights of the clutter buildings are assumed to be 30-50m. The small cell antenna 

distances is fixed from the parent hub site and also from available cognitive radio 

networks as shown in Figure  4.2  where the parent hub site is supporting three small 

cells (SC1, SC2, SC3) and cognitive radio hub site may support different other small 

cells which are not shown here for simplicity of optimization model. Also the path 
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between parent hub site, small cells and cognitive radio networks is NLoS in dense 

urban area and this obstructed path has been approximated by knife edge diffraction 

model. Path loss calculations are already discussed in Chapter 2 and parameters value 

are shown in Table 4.1. 

 

Figure 4.2: Small Cells Backhaul from Parent or Cognitive Hub Site 

 

The parent hub site has NLoS communication link between three small cells. Small cells 

heights may vary from 3-6m and hub sites height are between 30-40m above ground 

level.   It is assumed that parent hub site is placed at a location where it can support 

three small cells but at SC2 there are many buildings and other clutters/obstructions 

result in higher path losses and not able to achieve maximum backhaul received signal 

power, resultantly not capable to fulfill user demand.  We can take benefits of other 

three networks in cognitive radio environment as shown in figure: 4.2. Due to higher 

path losses at SC2, it may request its parent hub site that the signal received at a 

distance is not enough to give good performance so hub site must provide the other 

source of backhaul i.e. sensing of spectrum in three available cognitive radio networks 

(CRN1, CRN2 and CRN3). Hub site will forward request to cognitive radio device and if 

they have available spectrum holes then the current parameters of SC2 will be 
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optimized as per need.  If cognitive networks do not have spectrum availability then the 

SC2 will operate under its parent hub site. 

4.4 Genetic Algorithm in Radio environment 

 

Genetic Algorithm has been used in this thesis for optimization of RF parameters and 

helps the network to make decision.  

1. Initialize all available network frequencies that are supposed to solve the 

problem.      

2. Fitness measure of different CR networks parameters i.e. frequency of networks, 

hub site distance from the small cell, small cell required capacity, Path loss 

measurement, received power measurement, receiver sensitivity and fade 

margin calculations. 

3. construction of new population according to following steps: 

 

a. Selection: Sensing of available spectrum in CR networks, select frequency 

band of that networks which have the better fitness measure (high 

capacity) and can fulfil the requested demand of small cell backhaul. 

b.  Crossover: Crossover the selected networks and probabilities/threshold 

has been defined that RF parameters have at least these threshold level 

to be selected.  This function is important in decision making process.   

c.  Mutation: It follows the cross over operation and depending upon the 

crossover probabilities RF parameters are changed and some parameters 

remain same according to the requirement of the small cell. The 100% 

probability means parameter will fully change and 0% means no change 

occurs.  

 

4. Stopping Criteria: Repeat process until small cell got desired resources 

(backhaul link). Resources from cognitive Radio (CR) network will be allocated to 

small cell. 
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4.5 Flow Chart for Modeling 
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4.6 MATLAB Simulation Results and Optimization of parameters 

 

The simulation has been done in MATLAB and the results obtained from NLoS cognitive 

radio optimization are shown in figure: 4.4, figure: 4.5 and figure: 4.6. Cognitive radio 

(CR) networks are working on different frequencies F1=12GHz, F2=15GHZ, 

F3=20GHZ. For simplicity we assume that all CR networks use the same bandwidth, 

same transmit power and same antennas gain. The received power, losses and fade 

margin will vary at all these frequencies. Parameters chosen for simulation are shown in 

Table: 4.1. Different losses and their calculation procedure are already discussed in 

chapter 2. 

The results are shown versus parent hub site and cognitive radio network parameters. 

Figure: 4.4 shows the feasibility of cognitive radio network 1(CRN1) parameters at 

frequency 12GHz and parent hub site. The fade margin of CRN1 is good than its parent 

network and touch the threshold level, have lower path losses and also good received 

power level. The minimum fade margin threshold is 44.12dB and the calculated fade 

margin is also 44.12dB so CRN1at frequency 12GHz can be suitable option to be 

selected. It will be the only case when only this network has the available spectrum. 

When all the networks in cognitive environment have availability of spectrum then all 

parameters of different networks needs to be optimized and best one will be preferred. . 

In Figure: 4.5, CRN2 at frequency 15 GHz has high fade margin, less path losses and 

have also high received power strength. Fade margin value of this network is about 26.3 

dB in excess than its parent hub site. In Figure: 4.6, CRN3 at frequency 20GHz shows 

an improvement in fade margin over 9.95dB, Path Loss achieved is 4.08 dB lower than 

the parent hub site and received power level shows an improvement by 3.95 dBm. 

The decision about the network to be preferred depends upon the quality or needs of 

the operator. If we take decision on fade margin level then among three networks CRN2 

gives the best result as compared to the others. So all the parameters of SC2 will be 
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fully optimized at CRN2 and communication link will be established between SC2 and 

CRN2 to achieve maximum received power. 

Table 4.1: Parameters used and their values for Matlab Simulation 

Parameters Values 

Parent Hub Site Frequency F=10GHZ 
 

Cognitive Radio Network(CRN) 
Frequencies 

CRN1 CRN2 CRN3 

F1=12GHz F2=15GHz F3=20GHz 

Small Cells 2 (SC2)Distance from 
Parent Hub Site 

400mm 
 

Small cell 2(SC2) Distance from 
Cognitive Radio Networks 

CRN1 CRN2 CRN3 

600m 400m 300m 

Body Loss 3dB 
 

Building Penetration Loss 10dB 
 

Rain Attenuation Constants Value 
for Horizontal and Vertical 
Polarization according to 

Frequency 

F(GHz) KH KV aH aV 

10 0.0106 0.0088 1.2747 1.2636 

12 0.0188 0.0168 1.2168 1.1994 

15 0.0368 0.0336 1.1549 1.1275 

20 0.0750 0.0689 1.0995 1.0663 

Rain Rate 12mm/h 
 

Diffraction losses According to 2.2.2 in Chapter 2  
 

Free Space Loss According to 2.3.1 in Chapter 2 
 

Fade Margin According to 2.3.4 in Chapter 2 
 

Power Received According to 2.3.3 in Chapter 2 
 

Transmitted Power 20dBm 

Transmitted and Received 
Antenna Gains  

34.6dBi 

Building Heights in Dense Urban 
Area 

30-50m (AGL) 

Probability of Outage(P0) 0.01 
 

 

 



38 
 

 

Figure 4.4: CRN-1 versus Parent Hub Site Parameters 

 

Figure 4.5: CRN-2 versus Parent Hub Site Parameters 
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Figure 4.6: CRN-3 versus Parent Hub Site Parameters 
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4.7 Conclusion 

 

Dedicated link between the transmitter and receiver is not always the case. To cater for, 

the later Non-Line-of-Sight communication is opted for especially in scenarios which 

include urban, dense urban or where re-planning is done on a constant basis to provide 

coverage to tricky areas. To address this concept of small cells was introduced but 

along with it backhauling emerged as a major problem. Wired and wireless solutions 

have been closely observed and out of which microwave backhauling stood out. With 

NLoS, propagation impairments gets mounted and expected outcomes are hindered. 

An alternate to it as mentioned in our thesis is the approach of optimization of cognitive 

radio in NLoS backhauling of small cells. This approach has the potential of lowering the 

NLoS propagation impairments which include diffraction, reflection and scattering. At 

the same time it is an answer to cost, coverage and capacity.  

For the optimization process, link budget analysis has been carried out keeping in 

account of few parameters fade margin, path loss and power level received. All these 

parameters are of paramount importance as choice of fade margin can increase or 

decrease the cost effectiveness of the microwave link design, path loss indicate all the 

losses encountered by the radio channel link during the propagation whereas the 

received power level indicates the reliability of the link established.  

For simplicity of computation we assume that all Cognitive Radio Networks use the 

same bandwidth, same transmit power and same antenna gains. Frequency bands 

taken for the optimization are 12, 15 and 20 GHz. On the basis of results, 15 GHz is the 

most preferred network as the fade margin achieved is 26.3 dB in excess as compared 

to the other mentioned frequency bands, lesser path loss and higher received level is 

achieved. But the choice of the network largely depends on the quality of the service 

being offered and design needs of the operator. The proposed approach is a promising 

candidate for the backhauling in NLoS backhauling of small cells.  
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4.8 Future Work 
 

This Thesis work explains the idea of deployment of cognitive radio in NLOS 

backhauling architecture of small cells. As the cognitive radio is a new approach and lot 

of work is in progress these days. We used genetic algorithm for optimization of 

different parameters, in future these parameters should be tested by using other 

optimization technique also. In this thesis optimization has been done in power, fade 

margin and losses terms, in future to get best quality results other parameters like 

modulation, channel coding, signal to noise ratio (SNR) and interference should also 

need to be optimized. Further more in future this thesis work can be extended by using 

more number of networks with their small cells and adding number of other NLOS 

losses.      
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